ABSTRACT Over a six-month period we studied 74 adult Nigerians who presented consecutively to Ahmadu Bello University Teaching Hospital, Zaria, with lobar or segmental pneumonia. Pneumococcal infection was diagnosed in 50% by the detection of pneumococcal polysaccharide antigen in serum or purulent sputum: 24% had pneumococcal antigenaemia. Twelve patients had evidence of Mycoplasma pneumoniae infection and half of these also had pneumococcal infection. The suggestion that M pneumoniae respiratory infection may predispose to serious bacterial pneumonia is discussed. The initial clinical and radiological features were similar in the pneumococcal and M pneumoniae groups. Raised cold agglutinin titres were not a reliable indication of M pneumoniae infection, perhaps due to altered autoantibody production in Nigerians. Pneumonia was commoner in the dry season, probably related to depressed nasopharyngeal defences caused by drying. Less common causes of lobar pneumonia that were found are also discussed and no cases of legionnaires' disease were identified.
. However, the fact that between 10% (Douglas and Riley, 1970; Sutton et al, 1970) and 31% (Tugwell and Greenwood, 1975) of patients with lobar pneumonia in the tropics do not respond promptly to penicillin suggests that other micro-organisms may also be implicated.
Mycoplasma pneumoniae is recognised as a significant cause of lower respiratory tract infections, accounting for 10% (Chanock, 1965) to 15% (Foy et al, 1970) of such infections in American civilian populations. Mycoplasma pneumoniae has a wide geographical distribution causing 28% of atypical pneumonias in Tokyo (Kitamoto et al, 1966) and 15% in India (Gupta et al, 1975) . It is also common among Chinese (Tai and Wei, 1976) . Although M pneumoniae infection has been reported from South Africa (Joosting et al, 1975) and Egypt (Hassan et al, 1972) , there are no clinical studies of its importance as a cause of lobar pneumonia in tropical Africa.
In an environment where treatment and followup are difficult, it is vital to know the likely aetiology of common infections. Thus we have performed a prospective clinical and laboratory study of the cause of lobar pneumonia in Zaria in northern Nigeria, with Investigations on all patients included a posteroanterior and lateral chest radiograph and haemoglobin and white cell count by standard methods. Haemoglobin electrophoresis showed no patients with sickle cell disease (SS) but 13 patients with sickle cell trait (AS).
A specimen of purulent sputum and all serum samples were tested for pneumococcal polysaccharide antigen by the countercurrent immunoelectrophoresis (CIE) method using pneumococcal omniserum (Tugwell and Greenwood, 1975) . Pneumococcal antigen typing was carried out on positive specimens using group-specific and monospecific pneumococcal antisera (Statens Serum Institute, Copenhagen). Sputum specimens negative to pneumococcal antigen were then tested for antigen to Neisseria meningitidis group Y by CIE using Difco antiserum. Percutaneous lung aspirations were obtained in 11 patients by rapidly inserting a 19-gauge needle into the consolidated area of the lung during suspended respiration while exerting negative pressure on the attached 5 ml syringe.
Standard laboratory methods identified bacterial isolates from sputum, pleural fluid, and lung aspirates. The diagnosis of significant pneumococcal infection was based on the finding of pneumococcal antigen in purulent sputum or serum or the isolation of pneumococci from lung aspirates.
ISOLATION OF M PNEUMONIAE
Throat swabs from 70 patients were placed in complete M pneumoniae broth and stored at -200C for up to one week before titration and incubation in liquid mycoplasma broth and subsequent subculture on to similar solid medium (Chanock et al, 1962) . M pneumoniae was identified by: (a) slow growth rate, (b) colonial appearance, and (c) growth inhibition test (Black, 1973) (Sillis and Andrews, 1978 (Urquhart, 1974) . The latest specimen of serum from each patient was examined for evidence of legionnaires' disease by testing for specific IgM and IgG by FAT using a sero group l-Legionella pneumophila antigen.
Specific IgM tests were considered valid only if the latex slide agglutination test for rheumatoid factor was negative.
COLD AGGLUTININS
A cold agglutinin screening test (CAST) (Garrow, 1958) (Tugwell and Greenwood, 1975) and New Guinea (Douglas and Riley, 1970) .
CIE proved to be a convenient and quick method of detecting pneumococcal antigen in purulent sputum. This is a more accurate indication of lower respiratory tract invasion than sputum culture for pneumococci (Tugwell and Greenwood, 1975; Wiernik et al, 1978) as the latter is often misleading (Barrett-Connor, 1971 ). The pathogenic relevance of pneumococcal antigen in the sputum is confirmed by our finding identical serotypes in the blood and sputum of the same patients. The serotypes found were similar to reports from here five years ago (Tugwell and Greenwood, 1975) , suggesting a stable type incidence that is important when contemplating protection of the community by pneumococcal vaccine.
Transtracheal or lung aspirates are rewarding techniques for diagnosing bacterial infection, though not without risk (Davidson et al, 1976) , and lung aspiration has been used before successfully in developing countries (Douglas and Devitt, 1973; Silverman et al, 1977) . We found the procedure safe and particularly useful in diagnosing non-pneumococcal bacterial lung infections including klebsiella and paratyphoid pneumonias.
The incidence of non-pneumococcal, bacterial pneumonias in developing countries is not known. N meningitidis group Y has been implicated as a not infrequent but often unrecognised cause of pneumonia, especially after viral infection (Putsch et al, 1970; Jacobs and Norden, 1974) , and it has been suggested that meningococcal vaccination as practised widely in Finland (Nikoskelainen et al, 1978) and recently successfully used in northern Nigeria (Greenwood et al, 1978) may select out Meningococcus Y as a serious respiratory pathogen (Nikoskelainen et al, 1978) . It is thus encouraging that this pathogen was not found in the sputum of our patients. Similarly, although legionnaires' disease is an increasingly reported respiratory illness in the USA and UK (Bartlett, 1979) , no such infection was detected in our series. We have found no other reports of legionnaires' disease in Africa.
Evidence of M pneumonia infection in 17% of our cases with lobar pneumonia shows that this micro-organism is as prevalent in tropical Africa as in developed countries (Chanock, 1965; Foy et al, 1970) and ranks second to pneumococcus as the commonest cause of pneumonia. As pneumonia occurs in less than 10% of infected individuals (Chanock et al, 1961) , our figures suggest that it is also likely to be a frequent cause of upper respiratory tract infections in Zaria. The serological titres found in our patients are lower than are normally expected, and this is probably due to suboptimal storage conditions of the sera, especially during transport to Britain.
M pneumoniae was isolated from the throats of four patients without serological changes; a diagnostic criterion of infection used before in large series (Mufson et al, 1967; Foy et al, 1970) . Because isolation from the nasopharynx is possible for several weeks after an infection (Grayston et al, 1965) , despite appropriate antibiotics, isolation alone can only be regarded as evidence of recent infection and does not necessarily implicate M pneumoniae as the primary pathogen of the current pneumonia. It is, nevertheless, possibly an important factor in the development of that pneumonia as half of our patients with M pneumoniae infection had associated pneumococcal infection and half of these had pneumococcal antigenaemia; a finding associated with more serious disease, slowed resolution, and a poor prognosis (Tugwell and Greenwood, 1975) . Experimentally, prior M pneumoniae respiratory tract infection has been shown to predispose to the development of pneumococcal pneumonia and septicaemia in hamsters (Liu et al, 1972) and occasionally bacterial pneumonias are reported complicating M pneumoniae infection in man (Hers, 1968; Stadel et al, 1975) . M pneumoniae infection probably renders the lung vulnerable to subsequent bacterial infection in several ways. Bronchial ciliary action is lost, impairing tracheobronchial clearance of inhaled foreign particles (Jarstrand et al, 1974) and cellular immunity is depressed (Adegboye, 1978) . Thus concurrent M pneumoniae infection should be thought of in patients in tropical Africa whose pneumococcal lobar pneumonia is responding slowly for no obvious reason and a change in antibiotics to include erythromycin or tetracycline should be considered.
We found no difference in the clinical or radiological presentation of our patients with lobar pneumonia associated with pneumococcal or M pneumoniae infection. In particular nonrespiratory complaints, such as arthralgia, sore throat, diarrhoea, and vomiting, were equally common in both groups. At follow-up relatively more of the patients with M pneumoniae infection still had symptoms, especially when associated with pneumococcal antigenaemia, although the numbers were too small to draw firm conclusions.
Although CIE of sputum has been disappointing in the early diagnosis of M pneumoniae pneumonia (Wiernik et al, 1978) , CATs can be useful, as they may be raised in up to 70% of cases (Chanock, 1965) . In this study there was no significant difference in CATs in patients with or without evidence of M pneumoniae infection. Cold haemagglutination depends on the production of an IgM autoantibody to the erythrocyte I antigen during M pneumoniae infection (Jacobson et al, 1973) . Autoimmune diseases are uncommon in Nigerians, perhaps related to immunological disturbances produced by parasitic infections (Greenwood, 1968) , and this may explain the poor autoantibody production in our patients with M pneumoniae infection as reflected in low CATs.
The CAT, even if raised, is unlikely to be a reliable indication of M pneumoniae infection in this area as we found 13 patients with no evidence of M pneumoniae infection who had CATs ranging from 32 to 256. It has been suggested that the high incidence of cold agglutinins found in groups living in a tropical environment is due partly to parasitic infections, especially malaria (Curtain et al, 1965) . The CAST (Garrow, 1958) was quick and simple. Our results did not confirm the absolute correlations with high titres found by the CA test, reported by Griffin (1969) .
Lobar pneumonia in Nigeria is commoner in the dry season (Warrell, 1975) , and this was also true for our cases of M pneumoniae infection. The low absolute humidity at this time of the year probably damages the local defence mechanism of the nasopharynx. This drying of nasal secretion may impair local IgA activity, a factor known to be important in preventing infection by M pneumoniae (Brunner et al, 1973) .
Although the pneumococcus is the commonest cause of lobar pneumonia in the savanna region of northern Nigeria, there is a significant incidence of M pneumoniae infection in addition to other less common bacterial and viral causes of pneumonia, and this must be borne in mind when planning outpatient treatment or considering management of non-resolving lobar pneumonia in the tropics.
We found no means of differentiating mycoplasmal from other pneumonias in time to be therapeutically useful. The use of CIE to detect M pneumoniae antigen is being further investigated.
